Abstract The future reliance on water supply and flood control reservoirs across the globe will continue to expand, especially under a variable climate. As the inventory of new potential dam sites is shrinking, construction of additional reservoirs is less likely compared to simultaneous flow and sediment management in existing reservoirs. One aspect of this sediment management is related to the control of upstream sediment sources. However, key research questions remain regarding upstream sediment loading rates. Highlighted in this article are research needs relative to measuring and predicting sediment transport rates and loading due to streambank and gully erosion within a watershed. For example, additional instream sediment transport and reservoir sedimentation rate measurements are needed across a range of watershed conditions, reservoir sizes, and geographical locations. More research is needed to understand the intricate linkage between upland practices and instream response. A need still exists to clarify the benefit of restoration or stabilization of a small reach within a channel system or maturing gully on total watershed sediment load. We need to better understand the intricate interactions between hydrological and erosion processes to improve prediction, location, and timing of streambank erosion and failure and gully formation. Also, improved process-based measurement and prediction techniques are needed that balance data requirements regarding cohesive soil erodibility and stability as compared to simpler topographic indices for gullies or stream classification systems. Such techniques will allow the research community to address the benefit of various conservation and/or stabilization practices at targeted locations within watersheds.
Introduction
According to Morris and Fan (2010) , there are 42,000 large (over 15 m tall) dams worldwide and the number of dams increases substantially when you include smaller size reservoirs. In fact, the National Inventory of Dams (NID) reports that there are approximately two million dams in the United States with less than 61,700 m 3 (50 acre-ft) capacity. The impact of these dams on economic development, especially in rural areas, is considerable. The USDA Small Watershed Program, for example, has constructed over 11,000 flood control dams nationwide in 47 states (Hanson et al. 2007 ). In Oklahoma alone, more than 2000 flood control dams have been constructed in 121 watersheds. These Oklahoma dams provide flood protection for more than two million acres with an estimated infrastructure investment of approximately $2 billion. The price tag for updating this infrastructure is already enormous; estimates are close to $53 million in Oklahoma alone, and as sedimentation continues to occur in these reservoirs the cost will only continue to grow. Furthermore, with continued population and economic growth and development coupled with increasing climate variability, future reliance on water supplies and flood control provided by reservoirs will increase significantly (Hargrove et al. 2010) .
Small and large dams impact streams both upstream and downstream of the impoundment. Streams typically evolve toward a dynamic equilibrium in which the sediment supply coming into a particular reach tends toward equilibrating with the sediment supply leaving the reach (ASCE 2008) . Construction of the dam impounds the river reach, causing flow velocities to decrease significantly entering the impoundment, resulting in the deposition of the sediment that was being carried from upstream as bed load, suspended load, and wash load. Verstraeten et al. (2003) referenced the World Commission on Dams (WCD 2000) in that the annual rate of loss in the storage capacity of the world's reservoirs was approximately 0.5-1.0 %. Theoretically, streams adjust to the impoundment, depositing sediment in the reservoir, which correspondingly reduces the storage capacity and potential flood protection. This loss in storage capacity due to the sediment deposition means less flood retention and protection, and it can impact hydropower production, water supply, navigation, recreation, and the ecosystem. In terms of hydropower, excessive sediment can block intakes and accelerate the abrasion of hydraulic machinery. Localized deposits in delta areas can create localized flooding, navigation issues, and alter the ecological system (Morris and Fan 2010) . Sediment is also a major carrier for water contaminants such as organic residues or nutrients, and sediment storage is often associated with pollutant storage (Thornton et al. 1981) . In particular, high nutrient contents promote reservoir eutrophication and degradation of water resources, including algae accumulation and water taste and odor issues (Smith et al. 1999) .
Issues associated with sediment transport, aquatic habitat, and infrastructure damage can occur downstream of the reservoir. The impoundment drastically alters the hydraulic flow regime, potentially resulting in less frequent, high magnitude events that can alter the ecological balance in rivers and streams. When the sediment supply is removed by the impoundment, the release of ''hungry'' water can lead to streambed degradation, streambank erosion and failure, and increased scour at structures such as bridges. In some cases, the altered sediment transport from the streambed downstream of the reservoir results in armoring of the streambed, negatively impacting aquatic habitat. An example of restoration attempts for downstream reaches was the series of artificial floods released downstream from Glen Canyon Dam. These artificial floods restored sandbars and improved spawning habitats (Melis 2011) . Morris and Fan (2010) call explicitly for sustainable reservoir operation and management that considers not only the flow but also the sediment transported into and out of the reservoir. The design strategy for many reservoirs and flood control structures has historically been to build the impoundment large enough for an estimated design life with the assumption that sedimentation will eventually occur. They note the need to replace the concept of a limited design life with dual management of flow and sediment to preserve and ensure sustainability of existing reservoir sites instead of constructing new dams, as the number of potential new sites is shrinking. The importance of considering this need is also claimed by Oehy and Schleiss (2007) , who noted that today's loss in storage capacity due to reservoir sedimentation is higher than the increase of capacity due to construction of new reservoirs. Podolak and Doyle (2015) give a succinct analogy when it comes to the issues associated with reservoir sedimentation and call attention to the contradiction between the diminution of water resources due to reservoir sedimentation and the increasing demand from society. In their recent forum paper, they call specifically for the expansion of nationwide reservoir sedimentation surveys, supplement the Reservoir Sedimentation Survey Database (RESSED) with planned sedimentation rates, and share responsibility for building reservoir sedimentation knowledge. They also point out a critical problem: many reservoirs are filling in at rates that are quite different than those projected during the design phase. Podolak and Doyle (2015) reference John Redmond Reservoir in Kansas as a case where sedimentation rates are twice as high as originally expected. In other locations, reservoir sedimentation rates are slower than originally expected. A need exists to examine why such variability occurs and as discussed below, simple empirical or statistical models are not always able to tease out the complex interactions between land use/cover, precipitation, and sediment sources.
As pointed out by numerous authors (e.g., Podolak and Doyle 2015) , it is critical that we collect additional information on historical and current sedimentation rates in small and large reservoirs to understand their current status. Numerous authors (e.g., Dunbar et al. 1999; Bennett et al. 2002; Dunbar et al. 2010) have reviewed techniques to determine reservoir sedimentation rates, including acoustic bottom profiling. We agree that survey data are not collected frequently enough and when performed there is a bias toward the survey of larger reservoirs. However, this forum paper emphasizes that it is also imperative to better understand sources of sediment reaching the reservoir. The historical focus on upland sources of sediment from agricultural fields needs to be supplemented with knowledge regarding sediment loading rates from streambanks and gullies. Therefore, the objective of this forum paper is to highlight streambanks and gullies as two unique sources of upstream sediment. The paper highlights future research needs for quantifying sediment loads from these sources so that a complete picture of upstream sediment loads may be painted.
Controlling Upstream Sediment
Upstream erosion control has largely been the focus of efforts to slow the eventual sedimentation of reservoirs for the ''preservation and continued utilization of existing reservoirs'' (Morris and Fan 2010) . There are two types of conservation practices that help to limit upland sources of sediment from entering rivers and streams, including sediment trapping structures and erosion control strategies (Hargrove et al. 2010) . Examples are given in Table 1 . However, in some cases, the investment in conservation practices to control upland sources of sediment from rill and inter-rill erosion has had limited impact on sedimentation rates because past erosion is deposited in channels and floodplains and is susceptible to transport. This sediment is commonly referred to as a legacy source (Trimble 2009; Hargrove et al. 2010) . For example, synthesizing findings from USDA Agricultural Research Service (ARS) Conservation Effects Assessment Project (CEAP) watershed research, Tomer and Locke (2011) noted that while practices improved local water quality, problems persisted in some watersheds. These observations may be attributed to several factors:
• implemented conservation practices are not targeted at critical sources or pathways of contaminants, • sediment yields mainly originated from channel and bank erosion, and • occurrence of masking effects is due to the combined impact of historical legacies and shifting climate on water quality.
Reservoir Sedimentation Rates and Variability
Numerous studies have reported sedimentation rates for small and large reservoirs across the globe, and others have attempted to derive correlations between sedimentation rates and variability in these rates over time relative to catchment area, land use/cover, precipitation, and sediment sources. It is not possible to summarize every study in this forum article, so instead we focus on presenting examples that showcase the complexity in correlating sedimentation rates to one or a few variables. First consider the study by Juracek (2014) in which reservoir sedimentation rates were studied throughout Kansas. Results suggested considerable variability among reservoirs in the state. Decreases in total water storage capacity of these reservoirs ranged from less than 5 to 55 %. Juracek (2014) also suggested a statistically significant correlation between sediment yield and precipitation. In comparison, McIntyre (2007) studied land use and reservoir sedimentation in an 1189-ha agricultural watershed in central Oklahoma. Reservoir sedimentation rates declined from approximately 6000-1000 Mg/year from 1934 to 1987. This decrease was hypothesized to be due to reductions in cultivated cropland with roadway erosion, streambank erosion, stored channel sediment, and longterm precipitation change declared insignificant. However, Garbrecht (2007) studied a similar agricultural watershed in west-central Oklahoma. He found that a wetter climate led to an increase in soil erosion and sediment yield to the Fort Cobb Reservoir even though extensive conservation practices, including terracing, stabilization structures, and conservation tillage (Table 1) were put into place. Therefore, a variety of reasons may exist for failure of upstream soil conservation to translate into reductions in reservoir sedimentation. In fact, as a Conservation Effects Assessment Project (CEAP) watershed, streambanks have been estimated to contribute as much as 50-60 % of the upstream sediment load in the Fort Cobb watershed (Simon and Klimentz 2008) .
As an example from Europe, Verstraeten et al. (2003) studied sedimentation rates in 60 reservoirs in Spain. They attempted to utilize regression-based models to determine highly predictive variables for the measured reservoir sedimentation rates. However, catchment area explained only 17 % of the variability in specific storage yield. They specifically noted the difficulty of empirical models in these watersheds because of the significant sediment load from gullies. So why are sedimentation rates variable and not uniformly correlated with factors such as catchment area, land use/land cover, and precipitation? One of the possible explanations is related to streambanks and gullies as significant sources of sediment in some watersheds.
Streambanks as Contributor to Sediment Load to Reservoirs
Channel erosion is known to be a significant contributor to total sediment and nutrient loading (Simon and Darby 1999; Sekely et al. 2002; Evans et al. 2006; Wilson et al. 2008; Miller et al. 2014) . As mentioned earlier, in many CEAP watersheds, studies report that ''…sediment in streams originated more from channel and bank erosion than from soil erosion'' (Tomer and Locke 2011) . Some studies from across the United States have suggested that streambanks can contribute as much as 85-90 % of the total watershed yield.
Incised streams undergo a cycle of bank evolution according to the channel evolution model recently updated by Simon and Rinaldi (2006) . Stage I channels are largely in dynamic equilibrium with no bed degradation or aggradation. Due to some change in the hydrology of the system, the channel can become incised or channelized (Stage II). This could, for example, be due to direct channel ''improvement'' where stream channels are deepened and/ or straightened, or it could be a result of a change in upland hydrology, e.g., increased runoff from urban development or changes in agricultural land management. It could also be due to changes in climate relative to the duration and magnitude of storm events. During Stage III, the bed is actively degrading but the banks are, for the most part, stable. Eventually, degradation of the bed continues increasing bank slope, bank stability is lost, bank erosion and collapse accelerate, and the stream adjusts laterally (Stage IV). The presence of riparian vegetation on the banks can help to slow the erosion process during Stage IV by providing additional cohesive strength to the bank and by reducing the applied shear stress reaching the bank sediment when roots are exposed. The lateral adjustment continues in Stage V, but the stage includes aggradation of the streambed especially due to increased sediment loads from upstream reaches. Eventually, in the absence of additional disturbances or changes in the watershed hydrology, the channel will evolve to a stable channel in Stage VI with a dual floodplain (Simon and Rinaldi 2006) . In fact, many restoration designs are currently built along the idea of dual floodplain design to mimic Stage VI in the channel evolution model (Lovern and Fox 2012) .
To fully understand the significance of this process, consider Wildhorse Creek, near Hoover, in Garvin County, Oklahoma. Between 1922 and 1933 the channel was ''improved'' by constructing a straight 3-m (10 ft) deep trapezoidal channel with a top width of 7.6 m (25 ft) and 2:1 side slopes, as may be seen in Fig. 1a (Barclay 1980) . In 1999, Dutnell (2000) found the channel to be 58.8-m (193 ft) wide and approximately 7.6-m (25 ft) deep. The channel has thus incised approximately 4.6-m (15 ft) and experienced a 20-fold increase in area (Fig. 1b) . As a result, the sediment load that finds its way to Lake Texoma, since the ''channel improvements'' were completed, exceeds 38 million m 3 . Wildhorse Creek appeared to be at Stage V, the aggradation and widening phase, in 1999, as there was evidence of deposition on inside bends and point bars were beginning to form.
So, how do streambanks erode and fail during these intermediate stages of the channel evolution model? Streambank erosion and failure is a cyclical process that includes subaerial processes (soil moisture, wetting/drying cycles, seepage, freeze-thaw cycles, and others), fluvial erosion, and mass wasting. Subaerial processes largely act to prime the banks for erosion and failure. For example, seepage can increase the erodibility of the material, making it easier for fluvial erosion to detach particles or aggregates (Fox and Wilson 2010; Midgley et al. 2013) . Fluvial erosion acts in many cases to undercut the bank at the bank toe due to the higher applied shear stress during flow events at that location. Then, mass wasting occurs when the bank becomes geotechnically unstable. Of course, fluvial erosion and bed incision can lead to banks that become steeper and therefore more unstable. In many incised streams, all three of these processes are critical for sediment loading to occur, especially in streams consisting of cohesive soil layers. For example on the Barren Fork Creek in eastern Oklahoma, a composite streambank with a gravel toe and cohesive silt loam topsoil layer, process-based modeling and observations of the failure process by Midgley et al. (2012) and Daly et al. (2015) indicate that the most extreme erosive events occur when the banks are primed for failure because of high soil water content in the bank. High flows that occur as isolated events may transport a considerable bed load or suspended load component in the stream, but may result in limited bank retreat. Flow events with smaller return periods that occur in sequence with other storms where soil moisture is high in the bank cause extreme erosion to occur. On the Barren Fork Creek, such a sequence of approximately 1-2-year flow events in a 9-month period between April and October 2009 resulted in approximately 20-30 m of bank retreat at some sites. A historical flood event of greater than 1000 year return period in 2011 resulted in much less bank retreat (Daly et al. 2015) .
A concern not only exists in regard to sediment load from streambanks, but also nutrient loads from these banks. In a recent study of the Barren Fork Creek watershed, Miller et al. (2014) estimated that approximately 36 % of the streambanks are eroding along the 55-km length of the stream and contributing considerable amounts of both dissolved and total phosphorus to the stream. The streambanks were acting as a legacy source of phosphorus in the watershed. They went on to estimate that riparian protection reduced the sediment and total phosphorus load from streambanks by three to four times compared to banks without riparian protection. Other studies have reported similar numbers for phosphorus loads from streambanks: 7-10 % of annual total phosphorus (TP) in Minnesota (Sekely et al. 2002 ), 14-24 % of TP in Denmark (Laubel et al. 2003 , and 21-62 % of annual loads for a Danish stream with cohesive banks (Kronvang et al. 2012 ).
Gullies as Contributor to Sediment Load to Reservoirs
Soil erosion from agricultural land can compose 40-70 % of total sediment load in streams and has been recognized as a major contributor to stream and reservoir sedimentation. Two types of soil erosion usually considered are sheet and rill erosion and gully erosion. Sheet and rill erosion is a process of soil removal and transport from hillslopes to drainage ways in lower parts of a field either by a uniform overland flow or in numerous small channels, or rills, easily obliterated by tillage. Gully erosion occurs in narrow channels along drainage ways where overland water runoff accumulates and gains enough energy to detach and transport sediment. The concentrated flow channels that are too deep to farm with tillage equipment, typically from 0.5 m to as much as 30 m, are defined by the Soil Science Society of America as permanent (classical) gullies, whereas the ''small channels eroded by concentrated flow that can be easily filled by normal tillage, only to reform again in the same location by additional runoff events'' are classified as ephemeral gullies (Soil Science Society of America 2008). In most cases as proposed by Hauge (1977) , rills can be distinguished from (ephemeral) gullies by a critical cross-sectional area smaller than 929 cm 2 (1 ft 2 ). Erosion is non-uniform along the gully with deeper channel incision at the headcut and wider banks closer to the outlet. As noted by Poesen et al. (2011) , ''the transition from rill erosion to ephemeral gully erosion to classical gully erosion and to river channel erosion represents a continuum,'' and any classification based on the rill size is subjective. Cropland fields are more prone to ephemeral gully erosion, while grassland can be severely affected by classical gully erosion.
Formation of ephemeral and classical gullies is affected by many factors, such as overland flow hydraulics, rainfall depth and intensity, topographic features, land use and management, and soil type and lithology, among others. A widely-used approach implies that gully channels incise if the shear stress exerted by a concentrated flow on a channel boundary exceeds the critical shear stress of soil, which is dependent on soil type and texture, antecedent soil moisture content, vegetation density, plant roots, etc. (Foster and Meyer 1972; Govers and Rauws 1986) . The frequency and peak of runoff intensities that have been gradually increasing with climate change create more favorable conditions for gully development. Topography plays a major role in gully formation and progression. A combination of factors, such as contributing drainage area, slope gradient, and planform curvature, form a so-called topographic index model that is able to identify the potential ends of a gully channel within a field. This approach is beneficial for tracking fields and locations for gully development, as well as calculating potential maximum sediment loads from ephemeral and classical gullies. While substantial progress in the utilization of topographic indices to predict gully locations has been made, the specific influences of soil properties and vegetation represent a current knowledge gap (Momm et al. 2012 ). Due to intensive legacy tillage operations, ephemeral gullies on cultivated croplands normally have a layer of compacted soil (a hardpan) underneath the topsoil, which reduces the soil's capability of draining the infiltrating water and decreases critical soil shear stress. Therefore, better drained soils, more residue on soil surface, and small grain crops tend to increase soil protection from concentrated overland flow, reducing the risk of gully erosion. Recent studies have shown that ephemeral gully erosion worldwide can contribute from 30 % to as much as 83 % of total soil erosion with annual soil loss as high as 90 Mg/ ha (Foster 1986; Poesen et al. 2011; Daggupati et al. 2014 ). The Cheney Lake CEAP project in south-central Kansas concluded that ephemeral gully erosion, the greatest source of sediment in the watershed, accounted for about 0.55 Mg/ha of soil lost annually (Osmond et al. 2012) . In Goose Creek subwatershed, 178 active ephemeral gullies were found with lengths ranging from 30 to about 1,000 m. Total gully length was 74 km, averaging 220 m per 40 ha (about 100 acres) (Douglas-Mankin et al. 2011) . More than 55 % of ephemeral gullies were observed in low-residue wheat cropland without terraces. A field study by Karimov et al. (2014) estimated that in 2013, 55 % of total soil erosion from a no-till sorghum field was produced by advancement of the gully headcut alone.
Similar to streambanks, gullies can cause a negative impact on nutrient loads, although the research on the quantitative impact is still very limited. Due to stratification, phosphorous, for example, decreases quickly with depth, which makes the phosphorous loss dependent on the depth of origination. Gully erosion affects soil at deeper layers than sheet and rill erosion, which degrades mainly the topsoil. Knowing the ability of sediment to adsorb phosphorus, ephemeral gully erosion can greatly increase the total phosphorous loss while decreasing the dissolved phosphorus loss (Zheng et al. 2005) . More studies need to be conducted to assess tillage and management practice effects on gully erosion on nutrient loads.
Most conservation practices that are implemented for erosion control have been deemed beneficial for preventing ephemeral erosion (Table 1) . For the majority of agricultural fields, conservation tillage or no-till combined with terraces and contour farming can sufficiently control gullies. In severe cases, grassed waterways and designed surface water disposal systems are needed. In some fields with the severest channelization, permanent structures that drop water to a lower elevation are required to prevent headcut migration and an ephemeral gully from becoming a classical gully.
Future Research Needs
Variability in loading from upland sources can occur for a variety of reasons, including limitations associated with measuring sediment transport. Is variability related specifically to land management or weather and climate? Without a doubt, hydrology and hydraulics drive the erosion and sediment transport processes, but the processes described above are dependent on a number of other factors. Land management and development in watersheds influence the erosive forces of runoff waters that occur on upland agricultural fields and eventually reach our streams and rivers. Continued land use changes and development can drive multiple hydraulic disturbances that influence the formation of gullies and impact stream systems, making the status of the bank within the channel evolution model difficult to assess. Future research is needed on how upstream watershed conditions influence erosion and sediment transport.
Sediment Measurement Research Needs
Even though sedimentation is depleting water supply reservoir capacity, degrading water quality and negatively impacting aquatic life, sediment concentration remains one of the more poorly quantified water quality parameters. This is primarily due to the difficulty in obtaining accurate estimates of sediment transport. New technologies for measuring suspended sediment transport include acoustic backscatter, digital-image analysis, LISST laser diffraction, optical sediment flux, and pressure differential and bulk optics (Kuhnle and Wren 2006) . Only the LISST series of laser diffraction instruments, acoustic backscatter meters (single frequency and multi-frequency), and several types of bulk-optic meters (optical backscatter, nephelometry, and transmission devices) are available commercially.
Measuring bed load sediment transport in rivers is considerably more difficult than measuring suspended sediment, and therefore it is not conducted as often as suspended sediment measurements. Bed load measurement techniques can be categorized as instream installations, portable/physical devices, and surrogate technologies. Instream installation methods include Birkbeck samplers, vortex samplers, pit traps, net frame samplers, and sediment detention basins. Portable measuring devices include pressure-difference samplers (such as the U.S. BL-84, Helley-Smith, Toutle River, and Elwha River bed load samplers), bed load traps, instream baskets, tracer particles, scour chains, and bed load collectors. Although these devices are the mainstays in measuring bed load and have provided useful data in a variety of settings, they all have deficiencies that restrict their use and prevent widespread acceptance as the standard method for monitoring bed load. Surrogate technologies being explored include Acoustic Doppler Current Profilers (ADCPs), hydrophones, gravel impact sensors, magnetic tracers, magnetic sensors, topographic differencing, sonar-measured debris basins, and underwater video cameras (Ryan et al. 2006) .
Of these, ADCPs show the most promise in the immediate future for both suspended load and bed load transport. ADCPs use acoustic transducers operating at megahertz frequencies to transmit sound pulses on the order of microseconds into the water column. As the pulse propagates through the water column, sediments in suspension backscatter a proportion of the sound to the transducer. Because of the Doppler effect, the frequency of the return signal is altered, depending on the relative velocity of the particles to the ADCP. By using multiple beams, the ADCP can determine the magnitude and movement direction of particles suspended in the water column. Further, the backscatter intensity, i.e., the strength of the return signal, is a function of the concentration and size of the sediment in suspension, allowing the ADCP to be used as a surrogate method of estimating concentration (Deines 1999; Kim and Voulgaris 2003) .
ADCPs have already been accepted for measuring stream flow, and the United States Geological Survey is routinely using them throughout the United States. The Survey recently released guidance on the use of ADCPs for measuring stream discharge (Mueller and Wagner 2009). Similar protocols had previously been developed by the Water Survey of Canada (2004), and water agencies across the world are increasingly using ADCPs for measuring stream discharge in their countries. Over the last decade, ADCPs have also been used to estimate suspended sediment concentrations in rivers (Filizola and Guyot 2004; Kostaschuk et al. 2004; Wall et al. 2006 ) and estuaries (Kim and Voulgaris 2003) . These sediment applications show promise and warrant further attention and skill assessment, in a wide variety of streams and gullies.
Several groups have tried to use ADCPs to quantify bed load transport (Rennie et al. 2002; Gaeuman and Jacobson 2007) . They exploit the bottom tracking capability of commercially available ADCPs for measurement of bed load velocity with the goal of developing a non-invasive technique for gauging bed load transport. Bottom tracking is used to determine the speed of a boat taking ADCP measurements and involves measuring the Doppler shift in the frequency of an independent echo-sounding off of the bed. If the bed is mobile then bottom tracking is biased by the sediment motion, and the frequency shift is from both the boat speed and the sediment movement so that a stationary boat in the stream would appear to be moving upstream. The USGS ''Quality-Assurance Plan for Discharge Measurements Using Acoustic Doppler Current Profilers'' (Oberg et al. 2005) presents two acceptable methods for performing a moving-bed test. One requires that the ''ADCP be held in a stationary position while recording ADCP data for 10 min, using bottom tracking as the boat-velocity reference.'' If the bed is moving the ADCP will appear to have moved upstream. This ''error'' is in fact the bed load velocity, which theoretically could allow the ADCP to indirectly measure bed load. As with the sediment measurements, these methods for bed load show promise, but they warrant further attention and skill assessment, particularly in the wide variety of streams.
Streambank and Restoration Research Needs
For streambanks with the same climate and upstream land management and use, differences in the current bank status in regard to the channel evolution model, the bank structure (soil texture, bulk density, fluvial erodibility properties, and geotechnical properties), and bank composition (layering, presence/absence of riparian vegetation) cause variable contributions of sediment from streambanks within the same watershed and between watersheds. Streambanks separated by only a few stream miles on the same stream or river can have drastically different erodibility characteristics (see an example in Fig. 2 from Heeren et al. 2012) . It is imperative that before we invest funds for streambank restoration/streambank rehabilitation that we understand the current condition and longitudinal variation in properties of the bank relative to its watershed hydrology and potential future watershed development through indicators, such as the channel evolution model. Future research should also be devoted to clarifying the benefit of restoration or stabilization of a small reach within a channel system on total watershed sediment load. What is the actual benefit of an isolated restoration or stabilization project on a stream compared to other significant sources of sediment and relative to both upstream and downstream erosion and instability?
Environmental Management (2016) 57:945-955 951 When stabilization and restoration are attempted, practitioners have limited information and rarely measure the erodibility of bank sediment, relying instead on qualitative metrics or classification schemes to predict erodibility. In situ methods are available for quantifying erodibility characteristics using the jet erosion test (JET), as described by Hanson (1990) , Hanson and Simon (2001), and AlMadhhachi et al. (2013) , and geotechnical characteristics using borehole shear tests (BSTs). While general trends are typically observed between erodibility and more easily measured soil properties, such as soil texture (clay, silt, and sand content), recent research points to the need to measure these properties in situ rather than attempting to use empirical relationships (Daly et al. 2013 ). More research is needed on standardized methods for conducting JETs, BSTs, and the derivation of fluvial erodibility and geotechnical parameters. Furthermore, fluvial erosion for cohesive sediment is still largely predicted in processbased models using a linear excess shear stress approach developed by Partheniades (1965) . The field needs to move to more process-based, mechanistic detachment models for fluvial erosion. Recent research has proposed such models with parameters that can be derived from JETs (Al-Madhhachi et al. 2014) . Finally, erosion and failure of streambanks typically occur from isolated extreme events where the banks are primed for erosion and mass wasting to occur. We need to better acknowledge the interconnected role of subaerial processes, fluvial erosion, and mass wasting in this episodic process. Research progress needs to be made in utilizing the best available process-based models for stream channel erosion and bank stability (Hargrove et al. 2010) . Such progress will require significant effort in understanding the inputs and required processes to be included in such models.
More research is needed to understand the intricate linkage between upland practices and instream response. While conservation practices assist in potentially reducing flow volumes and magnitudes reaching streams (Table 1) , the effect relative to historical disturbances in the channel may require a significant period of time, especially when streambanks already represent a significant source of the sediment load. This research will provide key information for the site-specific relationship between watershed land cover/land use changes and the time period required for stability (i.e., quasi-equilibrium stage of the channel evolution model) of the stream to be achieved. Also, how do we balance investment in upland versus instream conservation and erosion control practices? Determining these relationships and answering such questions will be extremely difficult with statistical or empirical models or even classification-based schemes, and they will require processbased modeling linking the upland and stream system.
Gully Research Needs
The landscape on agricultural fields is dynamic and changes in response to soil erosion, especially gully erosion. Ephemeral gullies tend to occur in the same location each year along the drainage pathways and cause the drainage network to gradually become more incised into the landscape. Sheet and rill erosion transports sediment from hillslopes, and it settles in these incised channels during runoff events. The washout sediment is composed of larger particle sizes than the topsoil and has poor cohesion properties. As a result, the system waits for the next big runoff event to pick up the channel sediment and transport it further downstream, similar to fluvial systems. Understanding where channel incision and sediment deposition The right picture is a composite silt and gravel cohesive bank (experienced less than 1 m of bank erosion due to flow events in [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] zones occur in the field becomes increasingly important for targeted management practice placement. Modeling of gully erosion processes, prediction of geographical locations of classical and ephemeral gullies, and estimation of erosion rates are crucial for gully research.
Process-based gully erosion models that are currently available can estimate gully erosion rates, but they require a large amount of input data, are usually applied only at specific sites, and use regression relations that need to be calibrated over a wide range of field conditions. On the other hand, topographic index models are fairly simple, require a small amount of input data, and can be run for larger areas at once. The availability of high-resolution geospatial datasets, such as LiDAR, field-based land use data, SSURGO soils, can improve the reliability of topographic index models substantially; however, the accuracy of results will still depend on validation with actual gullies. Thus, improved techniques that efficiently and accurately measure gully morphology are needed in order to provide data suitable for model validation.
We also need a better understanding of intricate interactions between gully erosion processes and hydrological processes to improve prediction, location, and timing of gully formation and upstream progression. As an example, the importance of antecedent soil moisture condition and seepage or piping in gully erosion processes is widely overlooked and should be better addressed in physical models ). The improved techniques and understanding of physical processes that cause gully erosion will advance the development of effective measures and management practices that currently lack an ability to estimate sediment delivery and reduction rates.
Conclusions
Reservoirs are critical features for long-term sustainability of water supplies and to provide flood protection. As the demand for water continues to grow due to economic development and population growth, the reliance on reservoirs will continue to accelerate. Experts continue to state the need to shift from building new large capacity reservoirs, with an assumed life-span whereby the design and operations focus specifically on flow and storage, to a focus on extending the life of existing reservoirs through simultaneous management of both water and sediment (Oehy and Schleiss 2007; Morris and Fan 2010) . Upstream erosion control is critical for extending the life-span of reservoirs, but we must consider all upstream sediment sources, including streambanks and gullies, and continue to improve the measurement of sediment transport. While recent advances have been made over the past two decades in these fields, critical research is still needed for the community to fully understand and predict sediment loading associated with streambanks and gullies and ultimately develop the most cost-effective practices to reduce these loading rates.
